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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic head including a 
vertical-conduction-type magnetoresistance effect element that 
can reduce the influence due to a vertical conduction magnetic 
field. 

SOLUTION: A magnetic resistance effect film (1), an electrode (1), g y 

and a bias application film (3) are provided The electrode (2) is *i£ . - 

arranged so that current is vertically energized onto the surface of 
the magnetoresistance effect film (1). The bias application film (3) is 
formed near the magnetoresistance effect film (1), and gives a bias 
magnetic filed in a specific direction to the magnetoresistance 
effect film (1). At a side where the signal flux of the 
magnetoresistance effect film (1) flows in, the direction of a 
magnetic field in the bias application film (3) and the direction of the 
magnetic field generated by the current are not in parastate. 
Cancellation is made by the bias magnetic field and a sense current 

one at a portion where medium flux flows into a sensor magnetism '+%&^x%&0tt&frl\ 

detection section, thus suppressing reduction in permeability at the '■■<; ^^>F^^.'l?^lttR^r% 

portion, and hence increasing the sensitivity of a sensor. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThrs document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magneto-resistive effect film and the electrode of the pair which enables energization of a current in 
the perpendicular direction to the film surface of said magneto-resistive effect film, Provide the bias impression film 
which gives a bias field in the parallel direction to the film surface of said magneto-resistive effect film, and near the 
inflow part of the signal magnetic flux in laid magneto-resistive effect film The perpendicular energization mold 
magneto-resistive effect component characterized by the direction of the field of said bias impression film and the 
direction of the field generated according to the current energized in the perpendicular direction to the film surface 
of said magneto-resistive effect film serving as anti-parallel substantially. 

[Claim 2] The magneto-resistive effect film and the electrode of the pair which enables energization of a current in 
the perpendicular direction to the film surface of said magneto-resistive effect film, The bias impression film which 
gives a bias field in the parallel direction to the film surface of said magneto-resistive effect film, The magnetic layer 
prepared so that signal magnetic flux might be led to said magneto-resistive effect film near the inflow part of the 
signal magnetic flux in said magneto-resistive effect film is provided The perpendicular energization mold magneto- 
resistive effect component characterized by the direction of the field of said bias impression film and the direction 
of the field generated according to the current energized in the perpendicular direction to the film surface of said 
magneto-resistive effect film serving as anti-parallel substantially in said magnetic layer. 
[Claim 3] The perpendicular energization mold magneto-resistive effect component according to claim 1 
characterized by being formed so that the edge by the side of the medium opposed face of said magneto-resistive 
effect film and the edge by the side of the medium opposed face of said bias impression film may become the same 
flat-surface top. 

[Claim 4] The perpendicular energization mold magneto-resistive effect component according to claim 2 
characterized by being formed so that the edge by the side of the medium opposed face of said magnetic layer and 
the edge by the side of the. medium opposed face of said bias impression film may become the same flat-surface 
top. 

[Claim 5] The magneto-resistive effect component according to claim 1 to 4 to which said magneto-resistive effect 
film is characterized by having the structure which sandwiched the nonmagnetic conductive layer between two- 
layer ferromagnetic layers.' 

[Claim 6] The magnetic head equipped with- a perpendicular energization mold magneto-resistive effect component 
according to claim 1 to 5. ' • 4 

[Claim 7] The magnetic recorder and reproducing device characterized by providing a magnetic-recording medium 
and the magnetic head according to claim 6. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic head containing a perpendicular energization mold 
magneto-resistive effect component and a perpendicular energization mold magneto-resistive effect component, 
and the magnetic recorder and reproducing device which carried this magnetic head 
[0002] 

[Description of the Prior Art] In recent years, in magnetic recording media, such as a hard disk drive unit, small and 
densification are progressing quickly and it counts upon densification being carried out further from now on. In order 
to attain densification in magnetic recording, while narrowing recording track width of face and raising a recording 
track consistency, it is necessary to raise, the recording density, i.e., the track recording density, of a longitudinal 
direction. 

[0003] However, by the longitudinal recording method within a field, while an anti-field becomes large and causes the 
fall of a playback output as recording density becomes high, there is a trouble of it becoming impossible to perform 
stable record. In order to improve these troubles, the vertical recording method is proposed. A vertical recording 
method magnetizes and records a record medium on a film surface and a perpendicular direction, as compared with 
a longitudinal recording method, even if it raises recording density, there is little effect of an anti-field and the fall of 
a playback output etc. is controlled 

[0004] Conventionally, with an induction type head, although the induction type head has been used for playback of 
a medium signal for the longitudinal recording method and the vertical recording method, if the magnitude of 
magnetization which recording track width of face became narrow, and was recorded in connection with 
densification becomes small, sufficient regenerative-signal output will no longer be obtained. Then, even if the 
magnitude of the recorded magnetization became small, the AMR head with high playback sensibility using an 
anisotropy magneto-resistive effect (AMR) is developed, and it came to be used as the shielding mold reproducing 
head so that sufficient regenerative-signal output may be obtained. Recently, the spin bulb mold GMR head adapting 
giant magneto-resistance (GMR) with more high sensibility is used. 

[0005] Furthermore, development of the magnetic head using the tunnel magneto-resistive effect (TMR) and CPP 
(Current Perpendicular to the Plane)-GMR component it is expected that high playback sensibility is, and research 
for utilization are also advanced. With these components, a sense current is perpendicularly passed by the film 
surface. The CPP-GMR component is indicated by JP.1 0-555 12,A and the U.S. Pat. No. 5,668,688 official report. 
Thus, the magnetic head with high playback sensibility is developed, and by using them, even if record bit size 
becomes very small, playback of a record signal is attained. 

[0006] In order to raise the track recording density of a recording track, it is necessary to narrow the gap of the 
magnetic head. In the magnetic head using the conventional magneto-resistive effect, the magneto-resistive effect 
component is formed in the head gap specified spacing during one pair of shielding. When a spin bulb GMR head also 
needs about 30nm as thickness of a magneto-resistive effect component and takes the insulation with shielding into 
consideration also with the AMR head, about 100nm is needed as spacing during shielding. Thus, in the conventional 
magnetic head, the limit which can narrow a head gap is about 100nm, and when raising track recording density, big 
constraint has produced it The structure which forms a flux guide in a medium opposed face side, and the sensor 
section is retreated from a medium opposed face, and forms it from such a background since it corresponds to 
narrow gap-ization is proposed. Especially, it is necessary to install the electrode of a GMR component and a 
vertical pair between shielding, and such thickness serves as big constraint to narrow-gap-izing with the CPP-GMR 
component. So, in order to correspond to narrow gap-ization with a CPP-GMR component, it is effective that form 
a flux guide in a medium opposed face side, retreat an electrode section from a medium opposed face, and only a 
thin flux guide is arranged between shielding in a medium opposed face. 

[0007] In order to control the Barkhausen noise (Barkhausen noise) in the magneto-resistive effect film, it is 
effective to install the bias film in the both ends of the magneto-resistive effect film, and to impress a bias field. 
However, when distance between bias film was narrowed as ** truck-ization progressed for the improvement in 
recording density, since a bias field started the magneto-resistive effect film too much strongly and flux reversal 
became difficult, this invention persons found out that the problem that the sensibility of a component falls arose 
[0008] Moreover, with the CIP(Current In Plane)-GMR component which energizes a sense current, the operating 
point was decided in the conventional film surface by balancing three fields of the current field which a sense 
current makes, the magnetostatic joint field from a pin layer to a free layer, and the layer joint field between pin 
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layer-free layers. Since a sense current field is circularly added to a current core, it becomes impossible however, 
to use the design technique of the operating point mentioned above with the component which energizes a sense 
current at right angles to a film surface. And in the edge section of the electrode with which a sense current field 
supplies a sense current, most strongly, for this reason, the inflow of the medium magnetic flux to the magneto- 
resistive effect film of the electrode lower part which is a sensor magnetic force sencor is barred, and the sensibility 
of a sensor falls. 

[0009] Solution sufficient with the configuration which these problems are suggested to neither JP,10~55512,A 
mentioned above nor U.S. Pat. No. 5,668.688. but is indicated by these reference is a difficult technical problem. 
[0010] The problem that the inflow of medium magnetic flux is checked by the sense current field mentioned above 
becomes so remarkable that recording density increases (i.e., so that the size of the magneto-resistive effect 
component which is a sensor, and an electrode becomes small). For example, since it corresponds to the recording 
density exceeding lOOGbpsi, if size of an electrode is made below into 1 micrometer**, the inflow of the medium 
magnetic flux to the magneto-resistive effect film of the electrode lower part will be barred. Since it is necessary to 
energize a big sense current in order to obtain a certain amount of output when especially the size of an electrode 
is small, an above-mentioned trouble becomes remarkable. 

[001 1] (Electrode size and GMR film size) actually produced four kinds of CPP-GMR components which are 
(0.3micrometer**, 0.7micrometer**), (0.2micrometer**, O.Smicrometer**), and (0.1 micrometer**, 0.3micrometer**), 
respectively (O.Smicrometer**, 1.2micrometer**), the 5mA sense current was energized, and flux density distribution 
of the GMR film in the condition that the sense current field was added was investigated. Consequently, it was 
admitted that the flux density of the GMR film became strong notably in the edge section of an electrode compared 
with other fields with the CPP-GMR component whose (electrode size and GMR film size) are (0.5micrometer**, 
1.2micrometer**) as electrode size becomes small, although the flux density of the GMR film was small enough. The 
relation between electrode size and the maximum magnetic flux density in a hysteresis loop of the GMR film in the 
edge section of an electrode is shown in drawing 22 . Moreover, the relation between the magnitude of a sense 
current and the maximum magnetic flux density in a hysteresis loop of the GMR film in the edge section of an 
electrode is shown in drajwng_23 about the CPP-GMR component whose (electrode size and GMR film size) are 
(0.1 micrometer**, 0.3micrometer**). 

[0012] These results are judged synthetically, when electrode size is [ a sense current value ] 1mA or more below in 
0.3 micrometer**, measures with which the inflow of the medium magnetic flux to the electrode lower part is not 
barred when a sense current value is 3mA or more below in 0.1 micrometer** are taken especially, and it is 
necessary to raise the sensibility of a sensor. 

[0013] Moreover, in magnetic storage, such as a hard disk, the flying height which is the distance of the magnetic 
head and a storage is falling gradually as high recording density-ization progresses. The fall of such the flying height 
means that the probability for a head to collide with the slight projection of a storage increases, and TA (Thermal 
Asperity) noise actually poses a problem. Therefore, it is desirable to adopt the head structure of the York mold 
which draws magnetic flux in a magneto-resistive effect component through York so that a magneto-resistive effect 
component may not be exposed to a direct medium opposed face. Since the level York mold magnetic head which 
prepares a magneto-resistive effect component also among the York mold magnetic heads so that the film surface 
may be parallel to a medium opposed face can install the whole magneto-resistive effect component near the 
medium, it is advantageous. Also in such the York mold magnetic head, when a strong bias field is impressed or a 
strong sense current field is impressed, there is a problem that the sensibility of a sensor falls and it is necessary to 
raise the sensibility of a sensor. 
[0014] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the magnetic head containing 
the perpendicular energization mold magneto-resistive effect component which can reduce the effect of a 
perpendicular energization field and a bias field, and can raise sensibility, and this perpendicular energization mold 
magneto-resistive effect component and the magnetic recorder and reproducing device which carried this magnetic 
head. 
[0015] 

[Means for Solving the Problem] The perpendicular energization mold magneto-resistive effect component which 
takes like 1 voice as for this invention The magneto-resistive effect film and the electrode of the pair which enables 
energization of a current in the perpendicular direction to the film surface of said magneto-resistive effect film. 
Provide the bias impression film which gives a bias field in the parallel direction to the film surface of said magneto- 
resistive effect film, and near the inflow part of the signal magnetic flux in said magneto-resistive effect film It is 
characterized by the direction of the field of said bias impression film and the direction of the field generated 
according to the current energized in the perpendicular direction to the film surface of said magneto-resistive effect 
film serving as anti-parallel substantially. 

[0016] The perpendicular energization mold magneto-resistive effect component concerning other modes of this 
invention The magneto-resistive effect film and the electrode of the pair which enables energization of a current in 
the perpendicular direction to the film surface of said magneto-resistive effect film, The bias impression film which 
gives a bias field in the parallel direction to the film surface of said magneto-resistive effect film. The magnetic layer 
prepared so that signal magnetic flux might be led to said magneto-resistive effect film near the inflow part of the 
signal magnetic flux in said magneto-resistive effect film is provided. It is characterized by the direction of the field 
of said bias impression film and the direction of the field generated according to the current energized in the 
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perpendicular direction to the film surface of said magneto-resistive effect film serving as anti-parallel substantially 
in said magnetic layer. 

[0017] The magnetic layer prepared in the side into which the signal magnetic flux of the above-mentioned 
magneto-resistive effect film flows functions as a flux guide which introduces signal magnetic flux to the magneto- 
resistive effect film. Among magneto-resistive effect film, the whole magneto-resistive effect film is sufficient and 
soft magnetism layers, such as NiFe prepared apart from the magneto-resistive effect film, are [ the magnetic layer 
which extended the free layer to the medium opposed face side, and was formed is sufficient as this magnetic layer 
and J sufficient as it ■: • 

[0018] 

[Embodiment of the Invention] The magneto-resistive effect film may be TMR film, or may be CPP-GMR film. What 
has the structure which sandwiched the conductive nonmagnetic interiayer, for example between two-layer 
ferromagnetic layers as GMR film contained in the CPP-GMR film is mentioned. With this structure, when one 
ferromagnetic layer carries out the laminating for example, of the antiferromagnetism layer, the ferromagnetic layer 
of another side functions as a magnetization fixing layer (pin layer) which magnetization fixed as a magnetization 
free layer (free layer) which magnetization rotates freely by the external magnetic field, in addition, these layers — 
in addition, a substrate layer, a protective layer, etc. may be prepared. 

[0019] As bias impression film, antiferromagnetism film, such as hard magnetic films, such as CoPt, and PtMn. IrMn 
can be used. The bias impression film of a pair is prepared in the both sides of the magneto-resistive effect film so 
that a bias field may be impressed in the predetermined direction along with the film surface of the magneto- 
resistive effect film. The bias impression film may be adjoined and installed in the both sides of the magneto- 
resistive effect film, may be installed in the bottom of the both sides of the magneto-resistive effect film, or a top, 
and it may be installed so that a part of both sides of the magneto-resistive effect film may be made to overlap. As 
for these installation approaches, it is desirable to choose according to magnetic properties and thickness of the 
bias impression film in combination which requires the optimal bias field for the magneto-resistive effect film. 
[0020] The electrode of a pair is prepared in the upper and lower sides of the magneto-resistive effect film so that 
a current may be energized in the almost perpendicular direction to the film surface of the magneto-resistive effect 
film. An electrode may be formed by electric conduction film, such as Cu, and may use the parts of parts other than 
the free layer of the magneto-resistive effect film, for example, a protective coat, the antiferromagnetism film, and a 
pin layer as an electrode. As for these electrodes, it is desirable to prepare in the center section of the magneto- 
resistive effect film so that it may separate from the bias impression film prepared in the both sides of the 
magneto-resistive effect film and may retreat from a medium opposed face. Thus, if an electrode is prepared, the 
magneto-resistive effect film which exists between an electrode and a medium opposed face will function as a flux 
guide. In addition, as mentioned above, a part of free layer which extended and was formed in the medium opposed 
face side is sufficient as a flux guide, and the soft magnetism layer prepared apart from the magneto-resistive effect 
film is sufficient as it Thus, the electrode with which the magneto-resistive effect film was installed up and down is 
making the pillar configuration, can avoid the field .where it is near the bias impression film, and sensibility becomes 
low in response to a strong bias field, and can extract and energize a sense current only on the magneto-resistive 
effect film of the field where sensibility is high. For this reason, when the GMR film is used as magneto-resistive 
effect film, it is advantageous to making current distribution in that film the optimal. In addition, since it is difficult 
for the magneto-resistive effect film to form the electrode of the almost same magnitude without a location gap up 
and down, it is desirable to mitigate the effect of a location gap error by making one of electrodes large compared 
with the electrode of another side. 

[0021] When preparing the magnetic layer considered as a flux guide apart from the magneto-resistive effect film, as 
for this magnetic layer, it is desirable to become the configuration which touches the free layer of the magneto- 
resistive effect film, but if installation of magnetic flux is possible in a free layer, it will not be limited to this 
configuration. For example, the free layer and the magnetic layer as a flux guide do not need to touch, and a 
nonmagnetic thin adhesion layer etc. may be minded among these. 

[0022] Moreover, although it is desirable to become the configuration which touches the bias impression film as for 
the magnetic layer as a flux guide, if impression of sufficient bias field for extent in which magnetization is stabilized 
by the bias impression film at the edge of this magnetic layer is possible, it will not be limited to this configuration. 
For example, the magnetic layer which carries out a flux guide with the bias impression film does not need to touch, 
and the nonmagnetic thin adhesion film etc. may be minded among these. 

[0023] As for the bias impression film, it is desirable to prepare in the both sides of the magneto-resistive effect 
film including a flux guide. In this case, the edge by the side of the medium opposed face of a flux guide may be 
formed so that it may become the same flat-surface top as the edge by the side of the medium opposed face of the 
bias impression film. Moreover, a part of edge by the side of the medium opposed face of a flux guide may be formed 
so that it may project to a medium side rather than the edge by the side of the medium opposed face of the bias 
impression film. 

[0024] With the perpendicular energization mold magneto-resistive effect component of this operation gestalt the 
field of the bias impression film and the sense current field energized at right angles to the film surface of the 
magneto-resistive effect film become the side by which signal magnetic flux flows into a sensor magnetic force 
sencor with anti-parallel substantially, and it works in the direction negated mutually. For this reason, the 
permeability of the side which flows into a sensor magnetic force sencor can be raised, and the signal magnetic flux 
of the magneto-resistive effect film can obtain the operating point when a magneto-resistive effect component is 
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the optimal, and can raise the sensibility of a sensor. In addition, it is not necessary to necessarily negate a bias 
field and a sense current field completely, and if single domain-ization is attained applying a weak bias field to a 
signal magnetic-flux inflow side rather, they can also control a Barkhausen noise. Thus, if it is made for a sense 
current field and a bias field to serve as anti-parallel and each field is appropriately set to a medium opposed face 
side, two effectiveness of the improvement in an output and Barkhausen noise control can be reconciled. 
[0025] Moreover, when the edge by the side of the medium opposed face of a flux guide and the edge by the side of 
the medium opposed face of the bias impression film are formed so that it may become the same flat-surface top 
there is an advantage that a bias field becomes stability in a flux guide, and also a production process also becomes 
easy. 

[0026] This operation gestalt is especially effective, when an electrode is made small and a sense current value is 
enlarged, since it corresponds to high recording density-ization. Especially, when electrode size is [ a sense current 
value ] 1mA or more below in 0.3 micrometer**, when a sense current value is 3mA or more below in 0.1 
micrometer**, specifically, remarkable effectiveness is acquired. 

[0027] the side into which, as for the sense current I, the signal magnetic flux of the magneto-resistive effect film 

flows — the direction of a bias field — receiving — substantial — anti when the case where it energizes so 

that a sense current field [ **** ] may occur is made into the direction of + it is desirable to set it as the range of 
0< K20mA. If this condition is fulfilled, rt.will become compatible [ the improvement in an output and Barkhausen 
noise control ]. Although it is desirable at this time to enable it to oppose bias magnetic field strength in sense 
current magnetic field strength, if a sense current is too large, generation of heat of a component will pose a 
problem. It is more desirable to set the sense current I as the range of 3<=K=15mA from these viewpoints. 
[0028] In the perpendicular energization mold magneto-resistive effect component of other operation gestalten, the 
die length of the opposed face to signal magnetic flux may make the magneto-resistive effect film larger than the 
depth from the opposed face to signal magnetic flux. In this case, a shape anisotropy field is given to the magneto- 
resistive effect film, and magnetization of the magneto-resistive effect film becomes stability at a longitudinal 
direction. Moreover, since a sense current field, a bias field, and a shape anisotropy field are impressed, while raising 
the permeability of the magneto-resistive effect film and coming to stabilize the optimal operating point, single 
domain-ization of the magneto-resistive effect film also becomes easy, and can raise sensibility as a result. 
[0029] In the perpendicular energization mold magneto-resistive effect component of the operation gestalt of 
further others, the die length of the opposed face to signal magnetic flux may make an electrode larger than the 
depth from the opposed face to signal magnetic flux. In this case, a sense current field becomes linear and the 
above-mentioned effectiveness comes to be acquired by stability. 

[0030] The above perpendicular energization mold magneto-resistive effect components are applicable to a shielding 
mold head combining one pair of magnetic shielding formed so that this might be inserted In this case, a flux guide is 
prepared in the medium opposed face side of the magneto-resistive effect film, and only a flux guide is arranged 
between shielding and it is made for a bias field and the field generated according to the sense current energized at 
right angles to the film surface of the magneto-resistive effect film to serve as anti-parallel substantially by the 
medium opposed face side in a medium opposed face. 

[0031] The above perpendicular energization mold magneto-resistive effect components are also applicable to the 
York mold head combining magnetic York where signal magnetic flux is introduced. For example, what is necessary is 
just to make it the direction of the field generated according to the sense current which arranges in the location 
corresponding to the part which shifts an electrode from right above [ gap ] in the case of a level York mold and 
becomes an insensitive part substantially on York etc., and is energized at right angles [ in the part of the magneto- 
resistive effect film of gap right above highest / of sensibility ] to the direction of a bias field and a film surface 
serve as anti-parallel substantially. 

[0032] In the operation gestalt of further others, the magnetic recorder and reproducing device which has a 
magnetic-recording medium and the above magnetic heads is also offered. In case magnetic recording is reproduced 
using this magnetic recorder and reproducing device, a sense current is energized so that the direction of the field 
of the bias impression film and the direction of the field generated according to the sense current energized at right 
angles to the film surface of the magneto-resistive effect film may serve as anti-parallel substantially by the side 
into which the signal magnetic flux from a magnetic-recording medium flows. 

[0033] Hereafter, it explains, referring to a drawing about the operation gestalt of this invention. !>awingj is the top 
view of the perpendicular energization mold magneto-resistive effect component concerning 1 operation gestalt In 
this drawing, the bottom serves as a medium opposed face. As magneto-resistive effect film 1 the tunnel junction 
mold magneto-resistive effect film (TMR film) or the CPP-GMR film is used, and the laminating of the film is carried 
out in the direction which intersects perpendicularly with space. The electrode 2 which consists of Cu is formed in 
the upper and lower sides of the magneto-resistive effect film 1. The bias impression film 3 and 3 which becomes 
the both sides of the magneto-resistive effect film 1 from CoPt is arranged. 

[0034] The example of the TMR film is shown in drawin g 2 . The TMR film of drawin g 2 has the structure which 
carried out the laminating of the protective layer 26 which consists of the substrate layer 21 which consists of Ta 
the antiferromagnetism layer 22 which consists of PtMn. the magnetization fixing layer (pin layer) 23 which consists 
of three layer membranes of CoFe/Ru/CoFe. the tunnel junction layer 24 which consists of AlOx, a magnetization 
free layer (free layer) 25 which consists of bilayer film of CoFe/NiFe, and Ta. 

[0035] The example of the CPP-GMR film is shown in drawing 3 . The CPP-GMR film of drawin g 3 has the structure 
which earned out the laminating of the protective layer 36 which consists of the substrate layer 31 which consists 
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of Ta. the antiferromagnetism layer 32 which consists of PtMn, the magnetization fixing layer (pin layer) 33 which 
consists of three layer membranes of CoFe/Ru/CoFe, the nonmagnetic interlayer (spacer layer) 34 who consists of 
Cu. a magnetization free layer (free layer) 35 which consists of bilayer film of CoFe/NiFe, and Ta. 
[0036] In addition, the built-up sequence of each class of the TMR film or the CPP-GMR film may be drawing 2 or 
drawing^ . and reverse. Moreover, the TMR film or the CPP-GMR film may serve as a dual mold with which the pin 
layer was prepared in the vertical symmetry focusing on the free layer. 

[0037] Drawing 4 is the sectional view of the perpendicular energization mold magneto-resistive effect component 
of drawing 1 . As shown in this drawing, the bias impression film 3 and 3 is adjoined and installed in the both sides of 
the magneto-resistive effect film 1. In addition, the bias impression film may be arranged by the method as shown in 
drawingji or drawingjj . Drawin gj shows the case where the magneto-resistive effect film 1 is made to overlap to 
the bias impression film 3 and 3. Drawing 6 shows the case where the bias impression film 3 and 3 is installed on the 
magneto-resistive effect film 1 . 

[0038] When using a hard magnetic film like CoPt as bias impression film 3 and 3, the structure of drawing 4 or 
drawing ^ is desirable. When using antiferromagnetism film like PtMn as bias impression film 3 and 3, the structure of 
drawin g 5 or drawin g 6 is desirable. 

[0039] As shown in drawing 1 , the magnetization direction of the bias impression film 3 and 3 which consists of 
CoPt is set up in the leftward direction -of drawing. A sense current is energized upward from under space to an 
electrode 2 at right angles to the film surface of the magneto-resistive effect film 1, and a sense current field 
generates it in the direction shown by the arrow head of drawing centering on an electrode 2. Consequently, the 
direction of the field of the bias impression film 3 and the direction of the field generated according to the current 
energized at right angles to the film surface of the magneto-resistive effect film 1 serve as anti-parallel 
substantially by the medium opposed face side into which the signal magnetic flux from a medium flows. Thus, since 
a bias field and a sense current field work in the direction negated mutually by the medium opposed face side, the 
signal magnetic flux of the magneto-resistive effect film 1 can control decline in the permeability of the side which 
flows into a sensor magnetic force sencor. Moreover, since medium magnetic flux flows into the magneto-resistive 
effect film directly under an electrode which is a magnetic force sencor, without being barred by the sense current 
field, it can maintain sensibility. On the other hand, in a medium opposed face and the opposite side, since both 
fields overlap, a strong bias field is added, and the permeability in the part falls. However, this part is not a magnetic 
force sencor, either, and since it does not contribute to the suction of medium magnetic flux, either, it does not 
pose a problem. 

[0040] grawing_7 is the top view of the perpendicular energization mold magneto-resistive effect component 
concerning other operation gestalten. The component of drawing 7 has the same structure as drawing 1 except 
having retreated and having formed the bias impression film 3 rather than the medium opposed face of the magneto- 
resistive effect film 1. 

[0041] With this structure, when the field from the bias film is too strong like [ when the distance between bias film 
is narrow ], it becomes possible to apply the field of moderate magnitude to the medium opposed face side of the 
magneto-resistive effect film 1, for example. 

[0042] DrawingJ and drawing 9 , are the top views of the perpendicular energization mold magneto-resistive effect 
component concerning other operation gestalten, respectively. The component of drawing 8 has the same structure 
as drawing.! except having lost the part of the magneto-resistive effect film 1 which has not lapped with the 
electrode 2 in a medium opposed face and the opposite side. Moreover, the component of drawing 9 has the same 
structure as drayyjngj except having lost the part of the magneto-resistive effect film 1 which has not lapped with 
the electrode 2 in a medium opposed face and the opposite side. 

[0043] Since the part to which a bias field and a sense current field overlap a medium opposed face in the opposite 
side, permeability falls, and it is hard coming to move magnetization by the component of drawing 8 or drawing 9 is 
lost it can prevent being hard coming to move magnetization of other parts under the effect of the part and the fall 
of sensibility can be prevented as a whole. 

[0044] Drawing 1 0 is the top view of the perpendicular energization mold magneto-resistive effect component 
concerning other operation gestalten. The magneto-resistive effect film 1 in this component has the die length 
larger than the depth from a medium opposed face which meets a medium opposed face, and has the same 
structure as drawing 8 except being an oblong configuration along with the medium opposed face. In this case, since 
lateral shape anisotropy can be given to the magneto-resistive effect film 1 and an anisotropy field can be added to 
a bias field from the bias impression film 3 and 3, the magneto-resistive effect film 1 can be single-domain-ized 
easily. 

[0045] Drawing 1 1 and drawing 12 are the top views of the perpendicular energization mold magneto-resistive effect 
component concerning other operation gestalten, respectively. The component of drawing 1 1 has the same 
structure as drawing 10 except having retreated and having formed the bias impression film 3 rather than the 
medium opposed face of the magneto-resistive effect film 1. The component of drawin g 12 has the same structure 
as drawing 1 1 except making width of face for a lobe of the magneto-resistive effect component 1 by the side of a 
medium opposed face into width of face almost comparable as an electrode 2. 

[0046] With such structures, while making the magneto-resistive effect film easy to add a shape anisotropy field to 
the magneto-resistive effect film with a bias field, and to single-domain-ize, when the field from the bias film is too 
strong like [ when the distance between bias film is narrow ], it becomes possible to apply the field of moderate 
magnitude to the medium opposed face side of the magneto-resistive effect film 1, for example. 
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[0047] Drawin g 13 is the top view of the perpendicular energization mold magneto-resistive effect component 
concerning other operation gestalten. The electrode 2 in the component of drawing 13 has the die length larger than 
the depth from a medium opposed face which meets a medium opposed face, and has the same structure as dr awin g 
1 except being an oblong configuration along with the medium opposed face. 

[0048] With this structure, the linearity of the sense current field by the side of a medium opposed face becomes 
good, and counter acting effect with a bias field improves. Therefore, bias control of the magneto-resistive effect 
film 1 by the side of a medium opposed face becomes easier. 

[0049] Drawingjj and drawin gJ5 are the top views of the perpendicular energization mold magneto-resistive effect 
component concerning other operation gestalten, respectively. The component of drawing 14 has the same 
structure as drawing 1 3 except having retreated and having formed the bias impression film 3 rather than the 
medium opposed face of the magneto-resistive effect film 1. The component of drawing 15 has the same structure 
as drawin gJ4 except making width of face for a lobe of the magneto-resistive effect component 1 by the side of a 
medium opposed face into width of face almost comparable as an electrode 2. 

[0050] With such structures, both, when the field from the bias film is too strong like [ in case / with a narrow 
distance for example, between bias film / the linearity of the sense current field by the side of a medium opposed 
face becomes good and counter acting effect with a bias field improves ], it becomes possible to apply the field of 
moderate magnitude to the medium opposed face side of the magneto-resistive effect film 1. Therefore, bias control 
of the magneto-resistive effect film 1 by the side of a medium opposed face becomes still easier. 
[0051] Still like drawjngJ5 . if width of face for a lobe of the magneto-resistive effect component 1 by the side of a 
medium opposed face is made into width of face almost comparable as an electrode 2, lateral shape anisotropy can 
be given to the magneto-resistive effect film 1. Therefore, a shape anisotropy field can be added to a bias field, and 
the magneto-resistive effect film can be single-domain-ized still more easily. 

[0052] Among the structures of the magneto-resistive effect component shown in drawing 1 and drawing 7 - 
drawin gJ5 , it is desirable like draw[ngj[ , drawin g 8 , drawin g 10 , and drawing 13 that the edge by the side of the 
medium opposed face of the magneto-resistive effect film 1 and the edge by the side of the medium opposed face 
of the bias impression film 3 have become the same flat-surface top. In this case, the effectiveness that a bias field 
becomes stability at the medium opposed face side of the magneto-resistive effect film 1, and also a production 
process also becomes easy is acquired. 

[0053] Moreover, in drawing 1 , drawing 8 , drawing 10 , and drawing 13 , some magneto-resistive effect film 1 is 
used as a flux guide, and the thickness of a flux guide part is equal to the thickness of the magneto-resistive effect 
film 1 of other parts. The soft magnetism layer 1 1 which consists of NiFe etc. is formed between the magneto- 
resistive effect film 1 and a medium opposed face, a flux guide is formed, and you may make it the edge by the side 
of the medium opposed face of the soft magnetism layer 1 1 and the edge by the side of the medium opposed face 
of the bias impression film 3 become the same flat-surface top on the other hand, as shown in drawing 16 . In 
addition, the flux guide shown in drawmg j g may extend and form only the free layer of the magneto-resistive effect 
film 1 in a medium opposed face. side. Also in this case, the effectiveness that a bias field becomes stability at the 
medium opposed face side of the magneto-resistive effect film 1, and also a production process also becomes easy 
since the process which forms a new layer is not required is acquired. Moreover, if it forms as mentioned above in a 
part of magnetic layer which was able to prepare the flux guide independently [ the magneto-resistive effect film 1 ], 
or free layer of the magneto-resistive effect film 1, since a flux guide can be made thinner, it is advantageous to 
narrow-gap-izing. 

[0054] DrawmgJL7 is the perspective view of the shielding mold magnetic head concerning 1 operation gestalt. In 
this drawing, the bottom serves as a medium opposed face. The electrode 2 which consists of Cu is formed in the 
upper and lower sides of the magneto-resistive effect film 1. The bias impression film 3 and 3 which becomes the 
both sides of the magneto-resistive effect film 1 from CoPt is arranged. This magneto-resistive effect component 
has the same structure as oVawingJ . Furthermore, the magnetic shielding 4 which consists of NiFe in contact with 
an electrode 2 is arranged. In addition, in this drawing, magnetic shielding of one side is omitting illustration. 
[0055] Drawing 18 is the top view which looked at the shielding mold magnetic head of drawing 17 from the medium 
opposed face. Electrodes 2 and 2 are formed in the upper and lower sides of the magneto-resistive effect film 1. 
The bias impression film 3 and 3 is arranged at the both sides of the magneto-resistive effect film 1. Between the 
shielding 4 of a pair, and 4. these members are pinched, after the insulator layer 6 which consists of aluminum 203 
etc. has insulated. With this operation gestalt, magnetic shielding 4 is formed as what serves as an energization lead. 

[0056] In this shielding mold magnetic head, the energization direction of a sense current is decided so that the 
magnetization direction and sense current field of the bias impression film 3 which consist of CoPt by the medium 
opposed face side may be offset. Therefore, since medium magnetic flux flows into the magneto-resistive effect film 
1 of electrode 2 directly under which is a magnetic force sencor, without being barred by the sense current field, the 
sensibility of the shielding mold magnetic head is maintainable. 

[0057] In addition, drawing 1 . drawing 7 , or drawing 15 showed the example for which the end face by the side of 
the medium opposed face of an electrode 2 retreated from the end face by the side of the medium opposed face of 
the magneto-resistive effect film 1. However, since the direction of a bias field and the direction of a sense current 
field should just be anti-parallel substantially by the side into which the signal magnetic flux of the magneto- 
resistive effect film flows theoretically, not only these examples but the gestalt by which the end face by the side of 
the medium opposed face of an electrode 2 was formed in the medium twist rather than the same field as the end 
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face of the magneto-resistive effect film 1 or it is included in this invention. 

[0058] Drawing 19 is the perspective view of the level York mold magnetic head concerning 1 operation gestalt In 
this drawing, the bottom serves as a medium opposed face. The electrode 2 which consists of Cu is formed on the 
magneto-resistive effect film 1. The bias impression film 3 and 3 which becomes the both sides of the magneto- 
resistive effect film 1 from CoPt is arranged. Furthermore, magnetic York 5 which consists of NiFe which specifies a 
magnetic gap is formed in the magneto-resistive effect film 1 bottom. The electrode 2 is formed in the location 
[ right above / the gap of magnetic York 5 ] shifted, and the magneto-resistive effect film 1 is located right above 
the gap of magnetic York 5. Magnetic York 5 located in the electrode 2 bottom functions as an electrode of another 
side. 

[0059] In this level York mold magnetic head, the energization direction of a sense current is decided so that the 
magnetization direction and sense current field of the bias impression film 3 which consist of CoPt by the medium 
opposed face side may be offset in the part of the magneto-resistive effect film 1 located right above the gap of 
magnetic York 5. Therefore, since medium magnetic flux flows into the magneto-resistive effect film 1 which is a 
magnetic force sencor, without being barred by the sense current field, the sensibility of the level York mold 
magnetic head is maintainable. 

[0060] Drawing 20 is the perspective view of the level York mold magnetic head concerning other operation 
gestalten. The level York mold magneticjiead of drawing 20 has the same structure as drawin g 19 except forming 
two electrodes 2 and 2 in the location [ right above / the magnetic gap of magnetic York 5 ] shifted to a magnetic 
gap in the symmetrical location. Moreover, although illustration is omitted, a part for the magnetic gap point of 
magnetic York 5 is fill uped with Cu with conductivity higher than the magneto-resistive effect film. From one 
electrode 2, a sense current passes along Cu of the magneto-resistive effect film 1, magnetic York 5. and the 
magnetic gap section, magnetic York 5, and the magneto-resistive effect film 1 by this level York mold magnetic 
head, and flows to the electrode 2 of another side by it. 

[0061] Also by this level York mold magnetic head, in the part of the magneto-resistive effect film 1 located right 
above the gap of magnetic York 5, the energization direction of a sense current is decided so that the magnetization 
direction and sense current field of the bias impression film 3 which consist of CoPt at a medium opposed face side 
may be offset. Therefore, since medium magnetic flux flows into the magneto-resistive effect film 1 which is a 
magnetic force sencor, without being barred by the sense current field, the sensibility of the level York mold 
magnetic head is maintainable. 

[0062] Next, the magnetic-head assembly which carried the magnetic head concerning this invention, and the 
magnetic disk drive which carried this magnetic-head assembly are explained. 

[0063] Drawing 21 (a) is the perspective view of a magnetic-head assembly which carried the CPP-GMR head. An 
actuator arm 201 has the bobbin section which the hole for being fixed to the fixed shaft in a magnetic disk drive is 
prepared, and holds the drive coil which is not illustrated. The suspension 202 is being fixed to the end of an 
actuator arm 201. The head slider 203 which carried the CPP-GMR head is attached at the tip of a suspension 202. 
Moreover, the writing of a signal and the lead wire 204 for reading are wired in a suspension 202, the end of this lead 
wire 204 is connected to each electrode of the CPP-GMR head included in the head slider 203, and the other end 
of lead wire 204 is connected to the electrode pad 205. 

[0064] Drawing 21 (b) is the perspective view showing the internal structure of the magnetic disk drive which carried 
the magnetic-head assembly shown in drawing 21 (a). A spindle 212 is equipped with a magnetic disk 211, and it 
rotates by the motor which answers a control signal from the driving gear control section which is not illustrated 
and which is not illustrated. It is fixed to the fixed shaft 213 and the actuator arm 201 is supporting the suspension 

202 and the head slider 203 at the tip. If a magnetic disk 21 1 rotates, the medium opposed face of the head slider 

203 will be held where specified quantity surfacing is carried out from the front face of a magnetic disk 21 1, and will 
perform informational record playback. The voice coil motor 214 which is one sort of a linear motor is formed in the 
end face of an actuator arm 201. A voice coil motor 214 consists of magnetic circuits which consist of a permanent 
magnet countered and arranged so that the drive coil which was able to be wound up in the bobbin section of an 
actuator arm 201, and which is not illustrated, and this coil may be put. and opposite York. An actuator arm 201 is 
held by the ball bearing which was prepared in two upper and lower sides of the fixed shaft 213 and which is not 
illustrated, and has come to be able to perform rotation sliding free with a voice coil motor 214. 

[0065] The magneto-resistive effect component concerning the various operation gestalten of this invention can be 
applied not only to a longitudinal magnetic-recording method but to the magnetic head or the magnetic recorder and 
reproducing device of vertical magnetic recording, and can acquire the same effectiveness. The thing equipped with 
the fixed record medium is sufficient as a magnetic recorder and reproducing device, and its record medium may be 
removable. 

[0066] The magneto-resistive effect component concerning the various operation gestalten of this invention can be 
magnetically applied also to MRAM (Magnetic Random Access Memory) which can rewrite information, and can 
acquire the same effectiveness. 

[0067] In addition, based on the operation gestalt mentioned above, all the magneto-resistive effect components, 
the magnetic head, and the magnetic storage regenerative apparatus which this contractor can carry out by carrying 
out a design change suitably also belong to the range of this invention similarly 
[0068] 

[Effect of the Invention] As explained in full detail above, according to this invention, the magnetic head containing 
the perpendicular energization mold magneto-resistive effect component which can reduce the effect of a 
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perpendicular energization field, and this perpendicular energization mold magneto-resistive effect component and 
the magnetic recorder and reproducing device which carried this magnetic head can be offered. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

t.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The top view of the magneto-resistive effect component concerning 1 operation gestalt. 
[Drawingjg] The sectional view of the magneto-resistive effect film which consists of TMR film. 
[Drawing 3] The sectional view of the magneto-resistive effect film which consists of CPP-GMR film. 
[Drawing 4] The sectional view of the magneto-resistive effect component concerning 1 operation gestalt. 
[Drawing 5] The sectional view of the magneto-resistive effect component concerning other operation gestalten. 
[.Qraw[ng_6] The sectional view of the magneto-resistive effect component concerning other operation gestalten. 
[Drawing 7] The top view of the magneto-resistive effect component concerning other operation gestalten. 
[Drawing 8] The top view of the magneto-resistive effect component concerning other operation gestalten. 
[Drawing 9] The top view of the magneto-resistive effect component concerning other operation gestalten. 
[Drawing 10 ] The top view of the magneto-resistive effect component concerning other operation gestalten. 
[Drawing 1 1] The top view of the magneto-resistive effect component concerning other operation gestalten. 
[Drawing 1 2] The top view of the magneto-resistive effect component concerning other operation gestalten. 
[Drawing 13] The top view of the magneto-resistive effect component concerning other operation gestalten. 
[Drawing 14] The top view of the magneto-resistive effect component concerning other operation gestalten. 
[QrawngJ 5] Tn e top view of the magneto-resistive effect component concerning other operation gestalten. 
[Drawing 16] The top view of the magneto-resistive effect component concerning other operation gestalten. 
[Drawing 1 7] The perspective view of the shielding mold head concerning 1 operation gestalt. 
[Drawing 18] The top view which looked at the shielding mold head of drawing 1 7 from the medium opposed face. 
[Drawing 1 9] The perspective view of the level York mold head concerning 1 operation gestalt 
[Drawing 20] The perspective view of the level York mold head concerning other operation gestalten. 
[Drawing 21 1 The perspective view of the magnetic-head assembly concerning 1 operation gestalt, and the 
perspective view showing the internal structure of a magnetic disk drive. 

[Drawing 22] Drawing showing the relation between electrode size and the maximum magnetic flux density in a 
hysteresis loop applied to the magneto-resistive effect film in the edge section of an electrode. 
[Drawing 23] Drawing showing the relation between the magnitude of a sense current, and the maximum magnetic 
flux density in a hysteresis loop applied to the magneto-resistive effect film in the edge section of an electrode. 
[Description of Notations] 



1 - 


- Magneto-resistive effect film 


2 - 


- Electrode 


3 - 


- Bias impression film 


4 - 


- Magnetic shielding 


5 - 


- Magnetic York 


6- 


- Insulator layer 


11 - 


— Soft magnetism layer 


21 - 


— Substrate layer 


22 - 


— Antife rrom agnet ism layer 


23 - 


— Magnetization fixing layer (pin layer) 


24 - 


— Tunnel junction layer 


25 - 


— Magnetization free layer (free layer) 


26 - 


— Protective layer 


31 - 


— Substrate layer 


32 - 


— Antiferromagnetism layer 


33 - 


— Magnetization fixing layer (pin layer) 


34 - 


— Nonmagnetic interlayer (spacer layer) 


35 - 


— Magnetization free layer (free layer) 


36 - 


— Protective layer 


201 


— Actuator arm 


202 


— Suspension 


203 


— Head slider 


204 


— Lead wire 


205 


— Electrode pad 
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21 1 — Magnetic disk 

212 — Spindle 

213 — Fixed shaft 

214 — Voice coil motor 



[Translation done.] 
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[0008] ft*<DJ!g®ftK-fe>xiiffit£iim-r 
3C I P (Current In Plane) — GMR^^Tfi. -fe>x 

v$Tg*>3£<;to&>-5£Ji>{;:. -tr>-tr— J8HKBPTa&-5® 

[0009] cinscrawawaufcWBBTi 0-5 5 

5 1 2^ii«*s«fctf*SMWaS5. 6 6 8, 6 8 8fC9 

[0010] ±mvft±>7,mmmmz^xm»m^. 

<om A^itsns t n 5 NHtt. Eflkftfttf A * s 13 

©*'fX*«*S<fi:5Sfafi:4*. MAH 100 
Gbps i Sr^A-5fE®ffiatC^-r-5fcie>»C, fg(0 

■*m xsr 1 umauTiz-rzii. wmymomfaa&mb 
[001 1 ] mmiz. («g-y-rx. gmrk^x) 

di. -etl-en (0. 5tfmO, 1. 2/imD) , (0. 

3cmD. 0. 7«mD) . (0. 2 xxmO, 0. 5 W 
mD) , (0. lymD. 0. 3 jmO) T*54ifISI 
OCPP-GMR*^*^«U 5mACD-tr>X1Bffi£ 

vmizmmftft&m^fz. («g-y-rx. g 

MRMtMX) tft (0. 5iimO, 1. 2/imD) 
5CPP-GMR ifTIJGM R gt»®M&te-f-#/h 

zfr-^tztf, mmv-{ xtftbz <ttz>\z-ot\T. mom 

S*^¥{C3$<^^C<t*t|gae>6nfc. 02 2IC. 



■trfXt. m@©x-;/v=gBlci5tt&GMRM©«:*m3[ 
SS<hWg8ff$:^-r. Sfc. i23l:, (fSlr'fX. 
GMRfig+M'X) ft* (0. lwrnD. 0. 3 umO) T 
^CPP-GMRlflCOUT, -tr>xmffEO*^$ 
tflS©Xy ^SBfcistt-S GM RBKD«*fi8:£®S t CD 

[0012] cne>©ss*$:^wfc^j®fLT. 

-fX^'O. 3 ymD«TT-t>xmffifiI*UmAJW±(?5 
#(C0. 1 /imDHTT*t>7l0iEIi4i3mA£t 
±©*£(Ctt. «*T»^®«E#«3|l©a[A*t«i»f sn 

[0 0 13] ifefc, A-F7MX*fc£©ffl&EttS« 

£T***at«*S£i£*ij|cU iSSSTA (Thermal A 
sperity) y-f xW^iiftoT^S. Lfc«5oT. UBSi 

#*rft® t spfrf 5 j; 5 icistts*¥3 - if mmm.'s y 
£*tvrfe. ^t,vt-r77JK^d*HJiin^nfcD, ss^-t 

[0 0 14] 
[0 0 15] 

*imt?z>-*t<Dnm£. mmmm.&m^m<Dmmiz 

M UT¥fr^:^|p|lC A'-f 7X®#^#^.f -5 A-f 7XEP 
©S&ASB#K>jfif§T. HtrlBA'-f 7XH)ijn^©{S#<0*l6] 
$ n-5 m«£ »C «t 0 5g -5 mft<Dj5 |6j i 7>t5IM6<j »c S ¥ 
[0 0 16] *^B^fl&©®^lc«-5iiulii®^iB^j£ 

®ks \z « L- ti ifl^^fpj iz mm ^ iigi"6ii6 «h -r — m 
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S&£vSk«IR lz& It * «^fi&3iE ©Sit ASB#© ffi^ (cm ^ 
i*«U MGttttJIlC&frvrMG/'C-'f TXEPDPm© 

«»o*i^t«ri3««»sa**i»©i)iBic**UTsa[a 
[0017] ±iE©«affittSft*R©«^«wij8««x-r 

e&£*©0c«ttJiT*><kV>. 
[0 0 18] 

TfeCPP-GMRlT*otfeiK CPP-GMR 

rt^tf ^©«itTtt, — #©5HKt5:Jgte0«;Lk£ 

@*Jf (t£>») tbT, «DSF©3ttK'ttJtt4i1.aBK»lC 
£-DttfcPi&ICBlEr«iRft:a4j| (7'J-l) tL 
TiltS. ft*5, Cti^>©B(cSPAT. TifeH. «M 

[0 0 1 9] ;H TXEflMWibTte. CoPtftt'O 
B»«tt§|-*\ PtMn. I rMn&i*©ga«ttI* 

*K©M«fC— **©A*-f TXEnJDlK*i|Slte>n-5. A-f 

tt-'wy^annBioaawtt^iiiMncjsuT. &3gftA 

[0 0 2 0] ««J£^aUK©K»K#UT&B:SSSfc 

fi£LTfccfc<, *&^«^*BI©7y-Jl£W©« 
3h flAaftSIR. fc!>Ji©SB#£«ffii 
LTfflntfei^. cn^rotid ftftffift&*Dt© 

ita^tjw?* bifi. coi^cfisittsi:. mm 
^xtf-r F&i/rtne-rs. ftfc> ±jeL&±5K, 7 



7 U - Ji ©-«T7 1> «fc n U SB«ffiS0» *« i tt»J »c 88 

A-f TXEPMIia^iCfc D HWW 7X«#JSWTi 
< ft *«*.£»t*T««©»J,>«#©«affitfc!!» 
*&£©#■-£ >XSi6^o Tffl«f-5 C i#Tg 

fc, *©l!trt©«8l#*&«3SfcT*©fc*?iJT».5. 
ft*. S«|Sip*:*SO«fll*«JRffitt3a»R©±Tfc 

© wisffi* ©«»-j*'<j£ < -r* ^t-cfiifniii 

[0 0 2 1] 77797^HtmtI$IMft 

3&*Kiai»::»W-*«^ -©fi&ttUte, 

i07'J -Jf fC&T 5#t/£ift5 C tiJWSLt* 7 
U-JiK«3K*5IA?I«i-C»n«^CD*fi!Ek:IRSStl* 
t>©T«ft^. Mtf7U-It77yi'Xif'f Kit 

[0 0 2 2] y'yyirXlM KiLT©fifri4JI 

tt, A-f 7XI$jDl&tCjg-rS#£f£ift3 r UV» 
A-f 7;i^llftS£©mjl©AraTttflZ#&£? 
SSflEfc-HJ-ftA'-f 7X«||L*ajjDPll&T?*ntf, C© 
#if&KPES£nSfc©Tttft (,:>., MAtf/H TXPPMg 

i:ti6©W»c#«tt©J»ir»««8tftf*^bT 

[0023] 7 xQimmity ? v ? ziM v&^ts 
«»»saa*«©w«ica9!tt'.5r.t*t»sLi,». ^©* 

^, 7 9<y^X;tf-r Ka>jKttttffliBJB©WKe, AW 7 
XBJttM©«ttt#fi6iB«©iH*i H-¥iS±i ft -5 J: 3 
tc^LTfeJ;^. £ft> 77y?X^H©IMlSl 
B{BJ©*fgB&©-g6£, AW7X8Ji0ffi©i»##fi®ffl(© 

[0024] aMdi»m©fiita«a)BftS0iauit3K? 

B iciisa n^t >X*SiE®# i diSIRWtcS^ff i ft 

*«©fll#«JR*»-fe >U— «S«»^«L^T *«©»«* 
B&&$ttft**?©*X&»fl££ 
5i5ctd5ft, ir>+h-©jgft£ii5ae>£;r.i#-e$ 
So ft 43, /H 7X8»fct>XtaiW3*f b ti^ 

± icfr ■& trrvBK »& < , tr u 5 jksk a« 
fftft-5ck5«cL, -^n-^nwfis^-srjgwicsjt-rti 
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[0 0 2 5] 77y?7.X-1 F©&<fc*U6]®<BlJ© 

-¥S±£&5<£5l-^iS£nT^-5i§£IC(4. 777 

m m. in t> mm k & s t » 5 # uja*** « . 

[0 0 2 6] *HJS^«. «E»«flEfbK:;t#JST3& 

fc, &\zm%}-e$>%>. BSu-'-rxtfo. 3 

tfmD«TT-fe>XB»EteaUmA£U:©#£, $#lc 
0. 1 umDjKTT-fe>xaSi[ffl*t3mAR±©S^ 

[0 0 2 7] -fe>X«£i& I tt, BjUCliaMUiOAWB 
£ + 7jFi3]£L;t«-g\ 0< I<2 OmAOlBHfClg^t" 

T#-5«fc5fC-r*©*«fiF*L^*«> t>Xf»^^t 
>X«iffi I $:3g I g 1 SmAOmffllZs&feT&Zttf 

to 0 2 8] te©jus«ai©siijimsjsgi«in:^^ 

-fe /W 7XB#*5j;tf 

J^KS*tt«l?-*<EPJD$ns©T, B£lffigi3Si*Et©j§ 
Wt*»T*BM|!jj[ftjtt6 lxT# 6*1-5 J: 3 (eft 4 

[0029] £&ic«o&ig»*aaifta«att£&ift 

[0 0 3 0] ±K©«fc5teafifittMB&J£i»t3&S3t^ 

*. £©«£, &&t&mj)mm(Dm#ttfaffi®iizy ? y 

?X#< K*W*. »fl:»filiiiT»i->-JPHMlC7 7y 
^X#-f F©*jJ«EBSn*J:SK:U «g<**frSj®<B!lT 

a-t Txfia#i®^stn:^mK©^ffiicsiStcaii$n 

[0 0 3 1 ] ±E(D.fc3&:&Ba«£[a&J&ftgMl*?- 



±&£*©*»Wlc*«SBK:fc*«#K:#*T*ffiBK:E 
BU *+y^±©«fc««©il5fr>«a«i^*g|© 
»«-r/W 7*B*©;&l8.<!:R.Bl;:SBK:iH*Sn*-t 
> X «K tc «k 0 % £T 3 ffilP «D*i6j tfXJI W \z R Wff £ 
t3.2>£o\z?tUXJ:^. 
[0 0 3 2] S6IC«CDfSJ|»*lc*t»T»4. BjKEB 
±IB©.fc5fc«»'\y KiSWT'&BaEftW 

^*B©»ffifcSBteil«Sti*-fe>xmaitK:J: Dfg 

x«8&£am-r£. 

[0 0 3 3] £TF. *5fiW©*i6»J8»C^HTHiS*# 

'a 1 vx-mmmz%^>mmMm. 

T«**flttt#iajiiiifc*. ««fitSJSb*Bt 1 t LT»4 h 
>*A4teStt4t&lft3Ult|| (TMRI) StIJCPP 
-GMR^ffl(,^nT*5 0, M.WlzW.5£-?Z>Jj!t>Uzm 
a»«BS*XTt»*. BafflftSMftB 1 ©±Tfctt, Cu 
* i 6ft«tl2*»){SnTlr>4. ffiBJ&ft&SR 1 © 
ffii«fcC o P t A< TXEP»DS^3 . 3 **EB£ 

[0 0 3 4] 0 2fCTMRIK©fi»J*^T. I2C9TMR 
®£f4, Tai>^5T«!i2 1, PtMnA^^RS 
ittI2 2, CoFe/Ru/CoFe:CHB8*^ 
S«fl:H*Ji (t?>B) 2 3, A 1 OxA»6ft5 h>^ 
^pI2 4, CoFe/NiFe0-I»6)S;4S 
ffcgfiS (7'J-i) 2 5*J:UCTa*»&&*««Ji2 

[0 0 3 5] 03tCPP-GMRK©0lJ*^-r. El 3 
roCPP-GMRlft Ta^ft5T*l3 1, Pt 
Mni>645g3!Bttl3 2 1 CoFe/Ru/CoF 

e©=jM&a>s&a«fl:H*Jl 33, cui> 

6***«tt(t»mJB (X^— y— M) 3 4. CoFe/ 
N i F e©HIlA s 6fi:5Sft&fii (7'J— S) 35 
6itfTa*>6!iSSI13 6 *«« I, 

So 

[0 0 3 6] fc*S, TMRl^diCP P-GMRBI© 
t>. TMRlftliC P P -GMRili, 7'J- 

[0037] i4U0i nmmmnmmM&VimskmT 

©WffiSTfe-S. C©0lc^$n-5J:5IC. /NW7XEP 
SD^3, 3*4. B£U£i^£Rl®mR!|£ffiftUTtKB 
SnTIri*. ^«c45, /t-f 7XHJSDKt4. 0 5S^ct40 6 
ic^-ri-p^tt^TEBLTfciiri. 0 5(4A*-rTXHi 

3 . 3 l;:Bft&ffi%*0t l lt-/t-7 7 
«6S*I/Tl>4. 0 6 ttflB*U&ft&*R 1 ro±JCA*-r 
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[0 0 3 8] A-f 3£bTCoP t ©<fc 

SSLUy A"-f7XSJSnit3, 3<hbTP tMn©±5 
^Zm&iZtem 5 *fc«H 6 ©«jfi*« 

[0 0 3 9] 0 1 iC^bfci^t::, CoPt^WA 
-f 7XEPJ!raSl3. 3©*m^(S]«0(D£(S]^©^r6]{C^ 

e.±(6]#(ca*fifit^imiK i <Dmm\zmmzmnzn. 
mm 2 vxm<D^w^m-?jm\z-t>xmffim 

±-rzmft<Djjftiii>mKmzK¥ft£ti.z>. z.<d£z> 
wzf!*>m-n5&\zm< or. ^mis^imis i <nm*% 
sfc, mftm&tf. ±>xmwtmmz£iT 

TT^>. b^b, £©ffi$H^a»-t?"bfc<«fl*3fE© 
® t/^^fC bte I t & 6 

[0 04 0] 07 ttft®&K&££tt&SjttiB«$!B£, 

HHJDIR3 &«AJ&ft&&Bt l ©i*fls*H«JB«fc K> fcSBgb 

[0 04 1 ] ;i©#tjgTte, «IA.Il/H7X«WOBi 

ftmm\zfrnrz> z. iitfoimizuz. 
[0042] S8i5j;t/H9 ittn"etiM<Dmmmmiz 

^m§5.tg.tffflmm i ufcJBWttH i tra* 

[0 0 4 3] i8Sfclii9©i?Tlt j*#*t[pjffit 

t#il/T*« 

©<gT£ESli:Ti*5. 

[0 044] 010 fitt&0£]tt&ttlc«3£lKXtt£HB 
aeJft2>lJ!t:Sg J ?©¥B0T&-5. ^©sfmcfettSSIa 

■=>©Hfr<i:9fc*£<. JK#2#|6jBl;:»oT8tg©J§M£ 



A-f 7 XPPinSI 3, 3)&>5eDA-f T7MR 
[0 0 4 51 011 iiitfB 1 2 

0 1 1 (Dm^it, w yxPPin^ 3 *m.m.&m±^m i 

O^M(S]®<fcD : b^)ibTIgltfem^ 010 tin 

[0 0 4 6] cti6o«isTtt. aastraaauRfc/t-r 

KSr^aKfkb-^-r<1--5i<hfctC, taj^fcTA-f 7XIH 

[0 0 4 7] in i 3 aflaa>m£«i8ic««£isa*s« 

SCSiit^I^^^CDSpBHT&S. 0 1 3 ©sfcTKfcttS 

• [0 0 4 8] £©»jft-Ctt. «#*fftB#JT©-fe>X® 
«K 1 ©A-f 7XflBW**«fc O^Bfcfr*. 

[0049] gii4 *5=fccK0 1 5 «-?-n-enfti©sijg^ 

H-l 4 (WlffB, A-f 7XEPMI 3 «BA&ft3MtK 1 

©at*»iaiH«t o t>«iBUTKttfcewi.tt, 0 1 3 tin 

tttfcfciS&WT*. 015OSflt IKttttMBilOB 

^m-tammm^- 1 ©35msB#©iH£ii@ 2 teei^eg 

[0 0 5 0] ^ne»©«it-P«. $g#*f[S]®{fflT©-fe> 

xmffi&ft<Dm.m&&&mzi3.r)WTxm%-iz<Dm® 

«r»*£© J: -5 (CAW 7X«* 6<0«l!t*t3rr€f * t *fc 

aft&**so«»*«afifita*Bi 1 ©«e^i6jb« 

lZfrtfZ>Z\£ tfuSm tC ^ -5 . Ifd'oT, ^#:^[RJB#J 
<OflSftffiSt^«Bt 1 ©/N*-< 7^«W*»«t D -SSmtCfi 

[00 5 1] $e»lr0l 5©<t3ic> a^lfiJBffl}©^ 

%mK%}$km=F 1 ©^tB^©<i*ms 2 1 m*mm& 

IfdbT. A-f 7^«|SLK»ttR*tt 

ic mm K-ffc-f -5 d t ^ ^ o 

[0 0 5 2] ili3Wi7~Il 5IC^bfcamefi 
5cS^T©^jS©^-&T«. HI, @8, HI 0*5 <£ tS 
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01 3 ©£51::. 8$U£ft3&SR 1 ©gSttittftSffill©)® 
gfcx^R 1 ©j«ff:^(p]SDffl!ltCfeH>T/N'-f 7XJ8£iW£ 

[0 0 5 3] gjfc. Bl. 08. 01 O*5cfctf01 3T 

79y#XlH KgB#©/P£teffi©gg#© 
««»t»»Wft«l<DIP$t<9fU<<toT^4. -75. 0 

IBK, fisjAtfN i Fe&iffrSmiBttl 1 1 
T777i-X^^MU tlttll 1©S«#*HS] 
ffiM©SffiSf t . AW TXEPflOR 3 ©&#*f [S|B6ffi©iSSSB 

6 \z ^? 7 y y ? 7 iH H «» B ASio^ AM 1©7'J 
Hi©*£j«##ftH»C]&gLT»j£LT i &J:^. d 
©W^fcfc, «&&tt^£Rl ©&##[$ ®»c:fcUT 

«*ts»*«i©7'j-ji©— «T»j«-rntf. 777^ 

X#-f K£<fc9iiS <T£5©T\ 7 r 'fk»C*frJ-C 

to o 54] 01 nz-^mmm\z%i>^-)vvmm.% 

^y h'©^ffilTS5„ ^©0fCi3HT, TM&mfcM 
fflffitfc*. «»JS8fi»*Ri©jtTfc:tt. Cui>6ft 

5tl2*«snxv^. «8^;sfti^Ki©pffl!ic 

CoP t*»6^t*A-f 7XEP2JDR3, 3a*ES$ft-0> 

-»PK4*iEBStlT^«.. d©|gT«. tt-{9J©fiB 

;P H«0^S:§lllSLTH-5. 
tO 0 5 5] 01 8 (±01 7 (Dis—)V\ i mm.%'\y K£ 
&#tt|tO®^<E>j|fc¥ffi0T'&£. fi^mgtaxS^l© 

1 ©Pfffl!l»Ct±A*'f TXEPfiDR 3 , 3 MSSShTHS. 
cn^©gC«tt-^cDv-^K4. 4F^(CA 1 20 3 &£* 

tO 0 5 6] ro^Kfil^yHTtt. &#*ffi 

■t>7.mfiiLmRtftt®2tiz>j:5iz. -t>xmss©jim 
zmsammzmfsnzzttiK. &mwv3r,z>mM2 

aTWfiS^Sta^K 1 »C«IA-r-5©T. ->-;u ksgb 
1 0 0 5 7 ] 01.07 7!>M0 1 5 T'\t. ©fig 2 



75fi i -fe >X HdKEB#©75(6} t A^lfW izRWfr left 

ruititf«tt»©T. cne>©^j{cfg6-r. fS2on# 

*fl6jMffll©S3®^®aStn:3a*R 1 ©S^Mt|SI-®$,^, 

to o 5 8] 01 9iz-mmmmiz&:Z>7k¥.3-7mm 

CoP t*»6^:«m TXEPJnM3» 3tf&mZtlT^ 

:7"£^T5N i F e -5^3 — 5*SM?n 

T^s. mS2«^a-i7 5©=^^y ^©Ki^^-r 
ntzi<LS\zmi$.2nTtez>. mma-? 5 -jo) 
n±.izmm&tnfflmmi&GLWLT^z>. «@2©t<m 
\z&w?z>m%.3—7 5 \zmjj<Dnmt vxmmt^>. 

tO 0 5 9] Z.(O^B~i7mmm.^y KT'te. 68^3 

— * 5 ©^ y 7'<DM±izamT^m^i&mmmm 1 © 

Sf5#T> mftttfamMT'C oPt*> e»?4-5A*-f TXEPSn 
fit 3 ©»*#l8]£-fe>**»«*#ffl«3;h.S J: 3 tc. 
•fe>X^gft©ii^[6]^a6'=)nTI/^-5„ UtAbT, 

to 060] 02 ottfa©i^js^ii(c^^,*ip3-i7s 

'n k (±. m^; 3 - 5 ©ssm^ t7 7"©»±«^ -rn 
tz&miz. mm.** y ytMbTjtiiswftfiii: 2 o© 
ms2. 2*mltv^mi4@i 9 tmrntzmmz 

ifc. BilltlSHH4A«. fiS^3-i7 5© 

^^^■^ y 7*&i%mfti*m&.tg.iri%}mmji o t>^m^© 

iUtiCuTfaa^^tlTU^-S. Z.<Dj\p.¥-B—Z>W&.%^\y 
h'-m. ir>xmdf!tS-75©mS2^e,. fiS^SSt^ 
Kl. fiS^3-i7 5. iSH£ t »7lK)Cu. JK^3- 
^5. gaEmgta^fill Sio, (677©mffi2'viStn 

tO 0 6 1 ] ^©7K^P3-i7^a^^-y KTfc. m^3 
-i 7 5 ©^^ y7'<DM±K®.W?Z>m$i!L&1n%)&m 1 © 
^^ffi{II-CCoP.t^e>^:^A*-r7XEPj!jP 
fit 3 ©^fiB75|fi] t-fe >X^ofEfiB#75tffi|g$n^ «fc 5 Ic. 
•t>X«giE©iim73j6]»^©f>nTVi-5„ LtAbT, 

®88Tfe-5ffi»;Sfix5amfiiHcSflA-r'5©T. *¥3- 

10 0 6 2] ^clc, ^^ir^^®^^^ H$S®U^c 
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[0 0 6 3] 02 1 (a) ttCPP-GMR^-y h*£}f 

x-^7-a2 o i«. sif^ xzmwfHomizmz 
>mm&^-rz. 79=5-^-97-1* 

2 0 1 CD— SStCte-y-X-^v-a >2 0 2^I^$ntH 
U-X'<>y3>20 2»«l;ttCPP-GMR'S 

v K$^«Lfc^>y kx^-t ^2 o 3^mowte.nx 

t^S. +>-X^>i>3 >2 0 2t£te{i^cD«$jA*. 

££tfR^DfflCD'J- Ki&2 0 4A«^$n. dCD'J 
-Hi2 04©-)81^7 HX7-f/2 0 3tCffl^$ 
nfcCPP-GMRA 7 Hffl§fglCil^n> U-H 

m.2 o 4<Dmmtmmny K20 5icit^$nTt,^ 0 

[0 0 64] 121 (b) (JI2 1 (a) K^Tfi&lsA 

mmmzfc!g-?z > m^v?3L\,^~ 9\z£vm&.-?z, 0 7 

i'fjI-^T-A 2 0 1 tti^il2 1 3 {C@5£$n, 

•y-x^>-> 3 >2 0 2*5^^©^©^^ FX5--Y y 

2 0 3 $^L-T^§„ ffi&fs;^ Xi7 2 1 1 ^|filfe-r€) 
"Vy KX7-f^2 0 SCDm&tiftWit&^J 7.2 

2 1 i«^®*^R)f«»s±bfe*cffit?«jt^n, mm 
mmm£.&ft?<, 79^^-97—1*2 0 101a 

fCte'J -T^-^O iaT*^>jK-r X3-f ;U^r-^ 2 1 
4#g:H-&nT^£. ^Xa-fiR- ^ 2 1 4«Ti7 
?aI-^7-A2 0 1 ©sKb*>gBtC#^±tfe,tlfe0 

^ b&i^ig»j3 -f ;u t c © <fc 3 fcftr&i 

b $ nfc*A«5* j; tf^fa a - 9 13. z>mn. 
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